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T h e c u rre n t s tu d y fo cu s e s o n th e fo rm u la tio n a n d th e e va lu a tio n o f Nanostructured

Lipid Carriers (NLCs) fo r the d elive ry o f Tirzepatide, a d u a l in c re tin re ce p to r a g o n is t

in d ica te d f o r th e trea tm en t o f typ e 2 d ia b etes (n o n -in s u lin d e p en d en t d ia b ete s

m ellitu s ) a n d o b es ity. D u e to its la rg e m o le cu la r w e ig h t, p e p tid e n a tu re , a n d p o o r w a te r

s o lu b ility , T irze p a tid e fa c es ch a lle n g e s s u c h a s le s s o ra l b io a v a ila b ility , ra p id

d e g ra d a tio n , a n d lim ite d p a tien t c o n fo rm ity w h en th e a d m in is tered th ro u g h

co n ve n tio n a l ro u te s .T irze p a tid e w a s en c a p s u la te d in N L C s u s in g th e ho t

h o m o g en iz a tio n fo llo w ed b y u ltra s o n ica tio n m e th o d , e m p lo yin g b io co m p a tib le lip id s

a n d s u rfa cta n ts .

F ive fo rm u la tio n s (T R Z -N L C 1 to T R Z -N L C 5 ) w ere d e ve lo p e d a n d th e ch a ra cterize d fo r

s ize o f p a rtic le s , p o lyd is p e rs ity ra tio ( P D I), d ru g en tra p m en t effic ie n cy, z eta p o ten tia l

a n d d ru g lo a d in g . T h e fo rm u la tio n s ex h ib ite d p a rtic le s iz es b e lo w 1 5 0 n m , P D I va lu e s

b e lo w 0 .2 5 , a n d z eta p o te n tia l ra n g ing fro m -2 8 .5 to -3 2 .9 m V , in d ica tin g g o o d s ta b ility

a n d h o m o g en e ity. H ig h en tra p m en t e ffic ien c ies (8 9 .8– 9 3 .6 % ) a n d d ru g lo a d in g

(2 .9 5 – 4 .2 0 % ) w e re a ch iev ed . M o rp h o lo g ica l a s s es s m en ts v ia S E M , TE M , a nd A F M

co n firm e d s p h e ric a l a n d s m o o th -s u rfa c ed na n o p a rtic les .

In th e v itro d ru g re le a s e s tu d ie s re ve a le d a s s u s ta in e d rele a s e p ro f ile , p a rtic u la rly in

T R Z -N L C 5 , s u p p o rtin g th e p o te ntia l fo r co n tro lled d ru g d elive ry. S ta b ility s tu d ie s

d e m o n s tra ted co n s is te n t p a rtic le s iz e a n d d rug co n te n t o ve r tim e w ith m inim a l

p h ys ic a l c h a n g es . O ve ra ll, th e T R Z -N L C fo rm u latio n s s u c ce s s fu lly en h a n c ed th e

p h ys ic o c h em ic a l s ta b ility a n d re lea s e c h a ra c teris tics o f T irz ep a tid e .. T h e o p tim iz ed
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T R Z -N L C s m a y o f fer im p ro ve d b io a v a ila b ility , red uc ed d o s in g freq u en c y, a n d

en h a n c ed p a tie n t c o m p lia n ce . F u rth e r in vivo s tu d ies a n d c lin ica l tra n s la tio n a re

w a rra n ted to c o n firm th e h ea lin g p ro p e rties o f th is n a n o ca rrie r-b a s e d a p p ro a ch .

Keywords Tirzepatide, Nanostructured Lipid Carriers, Controlled Drug Delivery,

Peptide Therapeutics, Bioavailability.
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□ NLC
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A n im p ro v ed m eth o d o f d ru g d e liv ery , p a rtic u la rly fo r th e s e a re no t h ig h ly

w a te r-s o lu b le , a n d it is u s e o f n a n o lip id c a rriers (N L C s ). D es ig n e d a s a n im p ro v ed

lip id n a n o p a rtic le s ys tem fo r th e s ec o n d g en e ra tio n , N L C s in c lu d e b o th s o lid a n d liq u id

lip id s s ta b ilize d b y s u rf a cta n ts . In co m p a ris o n to th e ir f o reru n n ers , s o lid lip id

n a n o p a rtic le s (S L N s ), th is n o v el c o m p o s itio n in crea s e s th e fo rm u la tio n 's p h ys ic a l

s ta b ility , red u ces d ru g e xp uls io n d u rin g s to rag e,a n d im p ro ve s th e d ru g lo a d in g

ca p a city. E n h a n c e b io a v a ila b ility , co n tro lle d d ru g relea s e , ta rg eted d is trib u tio n , a n d

en h a n c ed p h a rm a co k in etic p ro files a re ju s t a few o f th e b e n efits th a t N L C s p ro v id e,

b e ca u s e to th e ir n a n o m etric s ize (u s u a lly b elo w 2 0 0 n m ). T h ey are w ell-s u ite d fo r o ra l,

to p ic a l, p a ren tera l, a n d p u lm o n a ry a d m in is tra tio n , a n d th ey e xc el in d elive rin g

m ed ic a tio n s a cro s s b io lo g ica l b a rrie rs lik e th e s k in an d th e b lo o d -b ra in b a rrie r.

N a tu ra l lip id c o a tin g s ( N L C s ) ha v e s ev era l p o te n tia l u s e s in th e p ha rm a ce u tic a l,

co s m etic , a n d n u trac eu tica l in d u s trie s d u e to th eir b io co m p a tib ility , ca p a city to

in te g ra te h yd ro p h ilic a n d lip o p h ilic m ed icin es , a n d p ro s p e ct f o r la rg e -s ca le

m a n u fa ctu rin g . T h eir p ro m is e a s a trea tm e n t is g ro w in g as n ew fo rm u la tio n

p ro ce d u res a n d m eth o d s o f ch a ra cteris a tio n a re d ev elo p ed .(B e lo q u i et a l. , 2 0 1 6 )

□ Background and Rationale:

Lo w b io a v aila b ility , P o o r w a te r s o lu b ility a n d la c k o f s ite-s p ec if ic a d m in is tra tio n a re

co m m o n p ro b lem s w ith c o n ve n tio n a l d o s e fo rm s s u c h a s in jec tio n s , p ills , a n d

ca p s u les . N e g a tive s id e eff ec ts o r s ys te m ic h a rm fu l m a y res u lt fro m th es e lim ita tio n s .

C a rrie rs b a s ed o n n a n o te ch n o lo g y, s u c h a s N LC s , h a ve b ee n c re a ted to co m b a t

th is .(Lo o e t a l., 2 0 1 3 )

N a tu ra l lip id ca rriers (N LC s ) o ffe r a lip id -b a s e d p la tfo rm th a t is c o m p a tib le w ith th e

a b s o rp tio n p a th s o f m a n y d iffe re n t m ed icin es , in c lu d in g h yd ro p h o b ic , h yd ro p h ilic , a n d
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a m p h ip h ilic co m p o u n d s . A d d itio n a lly , N L C s a re b e co m in g m o re a cc ep ta b le fo r d ru g

d e liv ery v ia o ra l, p a re n te ral, cu ta n eo u s , a n d p u lm o n a ry ro u tes d u e to th e ir lip id

co m p o n e n ts a re G R A S . P a rtic u la rly u s efu l fo r d elica te b io m o le cu les s u c h a s p e p tid e s

o r n u c le ic a c id s , th ey s h ield m e d ic atio n s a g a in s t c h em ic a l a n d e n zym a tic

d e s tru c tio n .(N a s eri e t a l., 2 0 1 5 )

□ . Composition of NLC

T h ere a re m a in ly th re e p a rts to N LC s :

a . S o lid Lip id s

T h es e g iv e th e ca rrie r its s tru ctu ra l in teg rity a n d s erve a s its b a c k b o n e. So m e s u c h

ex a m p les a re :

1 . S tea ric a c id m o no g lyc eryl

2 . A s p a rta te o f g lyce ryl ( C o m p rito l® )

3 . A cid s tea ricu m

4 . C o c o n u t o il

C o n tro lle d re lea s e a n d m e d ica tio n reten tio n a re a ch iev ed b y th e s e lip id s , w h ich rem a in

s o lid a t ro o m tem p e ra tu re a n d b o d y te m p era tu re a s w e ll.

b . O ils a n d O th er Liq u id Lip id s

D ru g lo a d in g an d d ec rea s e th e lik e lih o o d o f d ru g ex p u ls io n d u rin g s to ra g e, th e s e o ils

GIS SCIENCE JOURNAL ISSN NO : 1869-9391

VOLUME 12, ISSUE 7, 2025 PAGE NO: 476



ca u s e c ra c k s to fo rm in th e s o lid lip id s ' c rys ta llin e s tru c tu re . H e re a re s ev era l

ex a m p les :

1 . O live a cid

2 .O il c o n ta in in g m e d iu m -ch a in trig lyc erid e s

3 . P ro p yle n e g lyco l

4 . A p ro d u c t o f C a p ryo l®

c. S o lu b ilize rs

E m u ls io n s ta b iliz a tio n a n d p re ve n tio n o f a g g reg a tio n a n d s e d im e n ta tio n a re ac h iev ed

b y th es e . T he y m a y ex h ib it io n ic , no n -io n ic , o r a m p h ip h ilic p ro p ertie s :

1 . P o lys o rb a te 8 0 , o r T w e en 8 0 ,

2 . A n h yd ro p o lo xa m er 1 8 8

3 . So yb e a n g ela tin

4 . C h lo rid e s a lt

P a rtic le s ta b ility , s u rfa c e c h a rg e, a nd s u rfa cta n t co n cen tra tio n a re a ffe cted b y th e

s u rfa cta n t c h o ice a n d co n ce n tra tio n .(N a s eri et a l., 2 0 1 5 )

□ Mechanism of Drug Encapsulation
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In c o rp o ra tin g liq u id lip id s in to th e N LC m a trix fo rm a tio n o f a s tru c tu re th a t is

s o m e w h a t d is o rd e red . Th e "im p e rfe ctio n " in q u es tio n g e n era te s g a p s in s id e th e m a trix

th a t a re c o n d u cive to th e a cc o m m o d a tio n o f d ru g s . In th e m ed icin e m a y eith er b e

a d s o rb ed o n the s u rfa ce o r it m a y b e s o lu b iliz ed in th e lip id p h a s e . T yp ic a lly ,

m ed ic a tio n s th a t a re lip o p h ilic w ill em b e d th e m s e lve s in th e c o re, w h ere a s

co m p o u n d s th a t a re a m p hip h ilic m a y re s id e n e a r th e in te rf a ce .N LC s c a n rele a s e d ru g s

in a va riety o f w a ys , in c lud in g th e f o llo w in g :T h e p ro c es s b y w h ic h th e d ru g g en tly

d iff us e s o u t o f th e lip id m a trix is ref erre d to a s d if fu s io n -c o n tro lle d .D eg ra d a tio n o f th e

lip id s in viv o th ro u g h m eta b o lic p ro c es s e s is c o n tro lle d b y ero s io n .W h en it co m e s to

b io d e g ra d a b le lip id s y s te m s , th e c o m b in e d m ec h a n is m is fre q u e n tly o b s e rve d .T h e

co m p o s itio n o f th e lip id s , th e k in d o f s u rfa cta n t, th e c o m p a tib ility o f th e m ed ic a tio n

w ith th e lip id s , a n d th e s ize o f p a rtic les a re a ll fa c to rs th a t in flu en c e relea s e .

□ Type of NLC

B a s ed o n th e ir in te rn a l m o rp h o lo g y, N LC s c la s s ified in to th re e p rim a ry s tru c tu ra l

m o d els :

a . C rys ta l T yp e Im p e rfec tio n s

A n u n e ve n m a trix w ith " im p erfec tio n s " o r vo id s is th e re s u lt o f co m b in in g d iffe re n t

lip id s . O v er tim e , th e s e h o les le s s en d ru g e je ctio n a n d p e rm it m o re d ru g lo a d in g .

b . T yp e A m o rp h o u s

m a k es u s e o f lip id s th a t a re a m o rp h o u s o r d ifficu lt to rec ry s ta lliz e. T h is im p ro ve s

p h ys ic a l s ta b ility a n d in h ib its th e crea tio n o f o rg a n iz ed s tru c tu res .

c. T h e s o lid lip id p h a s e co n ta in s m ic ro s co p ic o il n a n o c o m p a rtm e n ts o f th e M u ltip le

O il-in -F a t-in -W a ter (O / F /W ) typ e. T h e s e s e ctio n s s erve a s ex tra d ru g s o lu b iliz a tio n
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res e rv o irs , p a rtic u la rly f o r h ig h ly lip o p h ilic s u b s ta n c es .(G h a s em iyeh &

M o h a m m a d i-S a m a n i, 2 0 1 8 )

□ . Advantages of NLC

● In c re a s ed d ru g lo a d in g : N LC s ca n lo a d m o re m e d ica tio n th a n S LN s , w h ic h is a

m a jo r a d va n ta g e . T h e lip id m a trix's p o o r c rys ta llin e s tru c tu re is ca u s e d b y

co m b in in g s o lid a n d liq u id lip id s . T h e s e d e fec ts a llo w m o re m ed ic a tio n

m o lec u les to fit in th e lip id co re's va c a n cie s . D ru g s w ith lo w w a ter o r h ig h lip id

s o lu b ility b en e fit fro m th is .

● D ru g E x p u ls io n P rev en tio n D u rin g Sto ra g e: T h e h ig h ly s tru c tu red c rys ta llin e

s tru c tu re o f S L N s o ften ex p els d ru g m o lec u le s d u rin g s to ra g e a s th e lip id s

rec rys ta lliz e in to m o re s ta b le p o lym o rp h is m fo rm s . In co n tra s t, th e p a rtia l

d is o rd er in th e N LC m a trix p re clu d es f ull c ry s ta lliz a tio n , p res erv in g fo rm u la tio n

in te g rity a n d re d u c ing d ru g le ak a g e.

● M a in tain in g D ru g R ele a s e N L C s c a n a d ju s t m ed ic a tio n relea s e b a s e d o n lip id s

a n d s u rfa c ta n ts . S o lid a n d liq u id lip id s in h ib it d ru g d iffu s io n f ro m th e m a trix,

p ro lo n g in g d ru g relea s e . T h is ch a ra cteris tic re d u c es d o s e fre q u e n cy a n d b o o s t

p a tien t co m p lia n c e, fo r th e ch ro n ic c o n d itio n s .

● B etter B io av a ila b ility : N LC s in c re a s e o ra l m ed ic a tio n b io a va ila b ility in

n u m ero u s w a ys :

a . Im p ro v ed g a s tric s o lu b ility .
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b . A n ti en z ym a tic p ro te ctio n .

c. Im p ro ve d lym p h a tic tra n s p o rt ,

d . b yp a s s in g h e p a tic firs t-p a s s m e ta b o lis m .

T h ey a ls o b o o s t in te s tin a l ep ith elia l c ell a d h es io n a n d ab s o rp tio n d ue to th e ir n a n o s iz e.

● B io co m p a tib ility/B io d eg ra d a b ility : N LC lip id s a n d s u rfa cta n ts a re u s u a lly G R A S

b y re g u la to ry b o d ies . B io d eg ra d a b le a n d co n ve rted into n o n -to x ic m eta b o lites ,

th ey red uc e c yto to xic ity. T h is re n d e rs N LC s s a f e fo r o ra l, cu ta n eo u s , p u lm o n a ry ,

a n d in tra ve n o u s a d m in is tra tio n .

● La b ile D ru g P ro te ctio n :H ea t, lig h t, a n d en zy m a tic a c tiv ity d eg ra d e b io a ctive

s u b s ta n ce s lik e p ep tid e s , p ro te in s , a n d n u c le ic a cid s . T h e lip id m a trix o f N LC s

p ro te cts th e m ed ic a tio n fro m e n viro n m en ta l d eg ra d a tio n , e xten d in g its s h e lf

life a n d in vivo s ta b ility . (A raú jo e t a l., 2 0 1 0 )

● C ro s s in g B io b a rrie rs : T h e n a n o s c a le a n d lip o p h ilic ch a ra cteris tic s o f N LC s

a llo w s th e m to o v erco m e b io lo g ica l b a rrie rs lik e:

a . T ra n s d erm a l m ed ica tio n a d m in is tra tio n s tra tu m c o rn eu m .

b . T h e B B B fo r C N S m e d ica tio n d e liv ery.
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c. In te s tin a l m u c o s a im p ro ve s o ra l a b s o rp tio n .

(S o uto e t a l., 2 0 2 0 )

T h is o p e n s u p N L C s fo r d is ea s e s th a t n ee d ta ilo re d d e liv ery to h a rd -to -rea c h

lo c a tio ns .

● S u rfa ce c u s to m iz a tio n , ta rg e te d d e liv ery:A n tib o d ie s , p e p tid es , a n d p o lym e rs

(e .g . , P E G yla tio n ) ca n m o d ify N L C s u rfa ce s to ta rg et s p ec ific tis s u e s o r ce lls .

T h is red u ce s o ff-ta rg et effe cts a n d c o n c en tra te s th e m e d ica tio n a t the p la ce o f

a ctio n , im p ro v in g th e ra p eu tic o utc o m es .

● In d u s tria l S ca la b ility a n d F ea s ib ility : U n lik e lip o s o m e s o r p o lym e ric

n a n o p a rtic le s , N LC s c a n b e m a s s -p ro d u ce d u tilizin g hig h -p res s u re

h o m o g en iz a tio n o r u ltra s o n ica tio n . T h ey a re a ffo rd a b le a n d co m p a tib le w ith

p h a rm a ce u tica l p ro d u ctio n p ro ce d u res , m a k ing la b o ra to ry-to -m a rk et tra n s la tio n

ea s ie r.

● M in im al O rg a n ic S o lve n t U s e : M an y N LC p re p a ra tio n m eth o d s o m it o rg a n ic

s o lv en ts , m a k in g s ca le-u p s a fe r a n d g re en e r. T h e fin a l f o rm u la tio n 's re s id u a l

s o lv en t d a n g e r is red u c ed .

● M o re s ta b le v o la tile a n d s e n s itiv e d ru g s : E n c a p s u la tin g v o la tile o r o xid iz a b le

p h a rm a ce u tica ls lik e es s e n tia l o ils o r a n tio xid a n ts p re ve n ts th eir e va p o ra tio n o r

d e terio ra tio n , e xten d in g th e ir m e d icin a l im p a ct a n d p ro d u c t s h e lf lif e.(V ie g a s e t

a l., 2 0 2 3 )

□ Method of Preparation of NLC
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1 . H ig h -p re s s u re h o m o g en iz a tio n : M o s t la rg e-s ca le p ro d u c tio n us e s th is s tra te g y.

T h e liq u id lip id s a n d s o lid lip id s are h e a te d th eir m eltin g p o in t a n d th e

m ed ic a tio n is a d d ed . H ig h -s p ee d s tirrin g fo rm s a p re-e m uls io n fro m th e lip id

co n ve rt in to a h o t a q u e o u s s u rfa c ta nt s o lu tio n . T h is em u ls io n is h o m o g en iz ed

m u ltip le tim es a t 5 0 0– 1 5 0 0 b a r. N LC s fo rm fro m lip id d ro p le ts w h en c o o le d . It

s u its lip o p h ilic m e d icin es b u t n o t h ea t-s e n s it ive o n e s .

2 . C o ld -H ig h -Pre s s u re H o m o g en iz a tio n : T he h o t H P H m e th o d fo r th e rm o la b ile

p h a rm a ce u tica ls is m o d ifie d . A fter m ix in g th e m ed ic a tio n in to th e m e ltin g lip id

p h a s e , liq u id n itro g e n o r d ry ic e im m e d ia tely s o lid ifies it. M ic ro p a rtic les o f th e

s o lid m a s s a re d is trib u te d in a co ld a q u eo u s s u rfa c ta n t s o lu tio n . N L C s fo rm

fro m h ig h -p res s u re h o m o g e n iza tio n o f th is d is p e rs io n a t ro o m tem p e ra tu re.

P a rtic le s iz es m a y in c re a s e b u t th e rm a l d e te rio ra tio n is m in im ize d .

3 . S o lve n t E va p o ra tio n -E m u ls if ic a tio n : T h e m e d ica tio n a n d lip id s a re

b re a k d o w n in ch lo ro fo rm o r d ic h lo ro m eth a n e a n d em u ls ifie d in to a n a q u eo u s

s u rfa cta n t s o lu tio n to g e ne ra te a n o il-in -w a ter e m u ls io n . U n d er lo w er p res s u re,

s o lv en t ev a p o ra tes , p rec ip ita tin g lip id s a n d N L C . O rg a n ic s o lve n ts m u s t b e

rem o v ed s a fe ly , a lth o u g h th a t p ro c ed ure w o rk fo r p o o rly w a te r-s o lu b le

m ed ic in es .

4 . In je ctio n o r d iffu s io n o f s o lv en t: T h e d ru g -lip id m ix tu re is d is s o lve d in e tha n o l

o r a ce to n e a n d im m e d ia tely in jec te d in to a n a q u eo us p h a s e u n d e r s tirrin g . L ip id

p re cip ita tio n a n d N LC a ris e w h e n s o lv en t d iffu s es q u ic k ly in to w a ter. Fo r
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h ea t-s e n s itive m e d ic atio n s , th is p ro c ed ure is m ild a n d e a s y. It is n o t s u ita b le fo r

la rg e-s ca le p ro d u ctio n d u e to s o lve n t rec o v ery a n d b a tch c o n s is te n cy is s u es .

5 . M icro -e m uls io n : A he a ted m ic ro em u ls io n is m a d e fro m m elted lip id s ,

s u rfa cta n ts , a n d co -s u rfa cta n ts a nd th e m e d ic a tio n . Lip id s h a rd e n a s

n a n o p a rtic le s w h en th is co m b in a tio n is ra p id ly d is s e m in a ted in co ld w a te r

u n d e r a g ita tio n . It 's fa s t a n d ea s y to u s e, b u t fo rm u la tio n c o m p o n en ts m a k e it

s en s it ive a n d un s c a la b le.

6 . U ltra s o u n d /H ig h -Sh e a r H o m o g e n iz a tio n : T h is la b -s ca le a p p ro a c h em u ls ifie s

th e m ed ica tio n w ith m eltin g lip id s in a h e a ted a q u eo u s p h a s e u tilizin g

h ig h -s p ee d s tirrin g . U ltra s o n ica tio n w ith a p ro b e s o n ica to r red u ce s p a rtic le s ize

in th e e m u ls io n. N L C s fo rm fro m lip id d ro p le ts w h en c o o le d . It is co s t-e ffe ctive

fo r res e a rc h , b u t s c a la b ility a n d p a rtic le s iz e h o m o g e n eity a re its k e y

d ra w b a c k s .

7 . W / O / W D o u b le E m u ls io n : T his m e th o d is fo r h yd ro p h ilic m e d icin e s

p re d o m in a n tly. T o m a k e a w a ter-in -o il (W / O ) em u ls io n , th e m ed ic a tio n is

d is s o lv ed in w a te r a n d e m u ls ified in lip id . To c re a te a W / O / W s ys tem , th is m a in

em u ls io n is re-em u ls ifie d in a n e xtern a l a q u eo u s p h a s e. C h illin g o r s o lve n t

rem o v a l h a rd e n s lip id s in to N LC s . T h e a p p ro a ch w o rk s fo r p ro tein o r p e p tid e

m ed ic a tio n s b u t is co m p lic a te d a n d h a rd to s ca le .

□ Characterisation of NLC
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N LC s m u s t b e c h a ra c te riz ed fo r s ta b ility , effe ctive n es s , a n d d ru g d e liv ery. T h e

p h ys ic o c h em ic a l p a ra m ete rs th a t a ffec t d ru g relea s e , a b s o rp tio n , a n d b io lo g ic a l

p e rfo rm an c e a re a s s e s s ed u s in g s e ve ra l a n a lytic a l m eth o d s . Im p o rta n t

ch a ra c te ris a tio n p a ra m e ters :

1 . P D I a n d P a rtic le S ize : P a rtic le s ize im p a c ts m e d ic atio n re lea s e , s ta b ility , a n d

b io a va ila b ility . D L S is u s e d to m e a s u re it. A s m a lle r s ize (< 2 0 0 n m ) is id e a l fo r g re a te r

tis s u e p en etra tio n . T h e Po lyd is p e rs ity In d ex (P D I) d e n o tes s iz e ho m o g e n eity ; a P D I <

0 .3 in d ica tes m o n o d is p e rs ity.

2 ) Z e ta P o ten tia l: Ze ta p o ten tial ind ica tes co llo id a l s ys tem s ta b ility a n d s u rfa ce

ch a rg e. E le ctro p h o retic lig h t s c a tterin g m ea s u res it. H ig h p o s itiv e o r n eg a tiv e v alu e s (

±3 0 m V o r m o re ) s u g g e s t im p ro v ed e lec tro s ta tic s ta b ility an d lo w er ag g re g a tio n .

3 . E n tra p m e n t a n d lo ad in g eff ic ien c y: E n tra p m en t ef fic ien c y is th e p e rc en ta g e o f d ru g

en c a p s u la ted in N LC s v s to ta l d ru g a d d e d . D ru g lo a d in g is th e ra tio o f d ru g to

fo rm u la tio n w eig h t. T h es e a re u s u a lly d e te rm in ed b y c en trifu g a tio n a n d U V -V is o r

H P LC a n a lys is o f the s u p e rn a ta n t.

4 . M o rp h o lo g y (S h a p e /S u rfa ce ): N LC m o rp h o lo g y is s e en via T E M , S E M , o r A F M .

T h es e m e th o d s p ro ve n a n o p a rtic le s p h e ric ity a n d s m o o th n es s .

5 . C rys ta llin e a n d P o lym o rp h ic: D SC a n d X R D a re u tiliz ed to ev a lu a te N LC lip id s '
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p h ys ic a l s ta te. T h ey s ig n ify crys tallin e o r a m o rp h o u s s tru ctu re s a n d p red ic t

m ed ic a tio n s ta b ility a n d rele a s e.

6 . In V itro D ru g R e lea s e: Th e s e in v es tig a tio n s im ita te p h ys io lo g ica l N LC m ed ic a tio n

relea s e u tiliz in g d ia lys is b a g o r F ra n z d iffu s io n ce lls . T h e y e xp la in relea s e k in e tic s

(z ero -o rd e r, firs t-o rd e r, H ig u ch i m o d e l).

7 . P h ys ica l S ta b ility R es e arc h : N L C s a re te s ted fo r s ta b ility b y s to rin g th e m a t v a ryin g

tem p e ra tu res a n d h u m id ity. T o a s s es s fo rm u la tio n ro b u s tn e s s , s ize o f p a rtic le , P D I,

z eta p o ten tia l, a n d E E % a re m e a s u re d .( J a is w a l et a l., 2 0 1 6 )

□ Application of NLC

B io c o m p a tib ility , c a p a c ity to en c a p s u la te h yd ro p h ilic a n d lip o p h ilic m ed icin es ,

co n tro lle d relea s e b eh a v io r, a n d b ette r d ru g s ta b ility m a k e N a n o L ip id C a rrie rs

(N LC s ) a v ers a tile a n d eff ec tiv e d ru g d e liv ery m e th o d . T h eir th e ra p eu tic u s e s

a n d a d m in is tra tio n ro u te s a re v a rie d .

1 . T o p ic a l/T ra n s d e rm a l D ru g D elive ry: D erm a to lo g y u s es N LC s to a d m in is te r

m ed ic a tio n s to th e s k in d u e to th e s m a ll p a rtic le s iz e a n d lip id ic n a tu re , w h ic h

im p ro ve s s k in a b s o rp tio n a n d re ten tio n . T h ey co n tro l m ed ic a tio n re le a s e,

s ta b iliz e, a n d m in im iz e d is co m fo rt. D elive ry o f a n ti-in fla m m a to ry , a n tifu n g a l,

co rtic o s tero id s , an d co s m e tic a c tiv es a re ex a m p les .

2 . O ra l D rug D elive ry: N LC s in crea s e s o lu b ility , p res e rve m ed ic in es fro m
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en z ym a tic d eg ra d a tio n , a n d a id lym p h a tic tra n s p o rt to in c re a s e o ra l

b io a va ila b ility o f w ea k ly w a ter-s o lu b le m e d ic a tio n s . C u rc u m in , ib u p ro fen , a n d

p a c lita x el h ad en h a n ce d o ra l b io a v a ila b ility w ith N L C fo rm u la tio n s .

(Ü ne r e t a l., 2 0 0 5 ) 3 . O p h th a lm ic D ru g D elive ry: N LC s a re e ffe ctiv e o cu la r

m ed ic a tio n ca rrie rs d u e to th e m u co a d h e s iv e c h a ra c te ris tics a n d p ro lo n g ed

relea s e . T h ey in crea s e d ru g res id e n ce d u ra tio n in the eye , red uc e d o s e

freq u en c y, a n d im p ro v e g la u c o m a , co n ju n ctivit is , a n d d ry e ye s yn d ro m e

tre a tm e n t.

4 . P u lm o n a ry D ru g D e liv ery: N LC s ca n b e in h a led to tre a t re s p irato ry d is o rd e rs .

T h ey a id d e ep lu n g d e p o s itio n a n d reg u la ted d ru g re le a s e f o r a s th m a , C O P D ,

a n d p u lm o n a ry in f ec tio n s .

5 . C a n c er T rea tm e n t: N L C s a re b e in g e m p lo yed to p a s s ive ly (E P R effe ct) o r

a ctive ly ta rg e t a n tic a n ce r m e d ic in e s to tu m o r tis s u es . Im p ro v e cyto to xic d ru g

s o lu b ility , red u ce s ys te m ic to xic ity , an d in crea s e tum o r a c cu m u la tio n .

P a clitax el- o r d o x o ru b icin -lo a d ed N L C s a re ex a m p les .

6 . B rain -ta rg e tin g a n d n e u ro d e g e n era tiv e d is ea s e s : T h e lip id ic s tru c tu re o f

N LC s h e lp s the m p a s s th e b lo o d– b ra in b a rrie r (B B B ), m a k in g th e m s u ited fo r

ce n tra l n ervo u s s ys te m m ed ic a tio n d elive ry. N L C s h a ve b ee n e xa m in fo r

A lz h eim e r's , Pa rk in s o n 's , a n d b ra in tu m o r m ed ic a tio n d elive ry.
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7 . G en e a n d va c cin e d elive ry: N L C s ca n ca rry D N A , R N A , o r p ep tid e va c cin es .

T h eir c a p a c ity to p res e rv e n u cle ic a cid s a n d a id ce llu la r a b s o rp tio n m a k e s

th em in trig u ing th e ra p eu tic a n d g en etic e n g in ee rin g to o ls .

8 . A n tim ic ro b ia l T re a tm e n t: N L C s p ro m o te a n tib io tic e ffe ctiv en e s s b y

in crea s in g c ellu la r a b s o rp tio n a n d d ec rea s in g res is ta n ce . T h ey ta rg e t a n d

red u ce a d ve rs e effe cts fo r b a c te ria l, v ira l, a n d fu n g al in fec tio n s .

9 . C o s m etics : V itam in s , a n tio x id a n ts , a nd a n ti-a g in g ch e m ic a ls a re d eliv ered

u s in g N L C s in co s m etic s . T h ey im p ro v e s k in h yd ra tio n , p e n etra tio n , a n d

co n tro lle d relea s e , en h a n c in g p ro d uc t p erfo rm a n ce .(S o u to & M ü lle r, 2 0 0 8 )

N a n o tec h n o lo g y h a s tra n s fo rm ed p h a rm a ce u tic a l s cie n ce s b y c re a tin g m ed ic a tio n

d e liv ery tec h n o lo g ies th a t circu m ve n t fo rm ula tio n res tric tio n s . L ip id -b a s ed

n a n o p a rtic le s a re p o p u la r d u e to th e ir b io co m p a tib ility , s o lu b ility im p ro ve m en t, a n d

ta rg eted d elive ry. N a n o L ip id C a rriers (N L C s ) a re th e s e co n d g en e ra tio n o f lip id

n a n o p a rtic le s th a t o ve rc o m e th e is s u es o f S o lid L ip id N a n o p a rtic le s (S L N s ) s u ch le s s

d ru g lo a d in g a n d s to ra g e ejec tio n .

N LC s a re s u rfa c ta n t-s ta b iliz ed c o llo id a l c a rriers o f s o lid a n d liq u id lip id s (o ils ) 5 0–

3 0 0 n m in s ize . T h is p ro vid es a n irreg u la r crys ta llin e s truc tu re th a t h o ld s m o re d ru g

m o lec u les an d re d u ce s le a k a g e. B y en h a n cin g s o lu b ility , s ta b ility , b io a v a ila b ility , a n d

s ite -s p ec ific d is trib u tio n , N L C s b o o s t m ed ic a tio n th era p e u tic in d e x. T h ey a re id ea l fo r

en c a p s u la tin g lip o p h ilic ch em ica ls , w e a k ly w a ter-s o lu b le m ed ic in es , a nd s en s it ive

b io lo g ic al co m p o n e nts lik e p ro te in s , p ep tid e s , a nd n u c le ic a cid s .N L C s s o lve d ru g

tra n s p o rt is s u e s s u ch e n zym a tic d eg ra d a tio n , m e m b ra n e p erm e a b ility ,

p h a rm a co k in e tic s , a n d s ys te m ic to xicity , w h ich is w h y th e y w ere d ev elo p ed . N LC s
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p ro vid e re g u la ted , p ro lo n g ed m ed ic a tio n re le a s e, m in im iz e a d m in is tra tio n fre q u e n cy,

a n d in crea s e p a tie n t c o m p lia n ce . T he ir lip id co m p o s itio n re s em b le s b io lo g ic a l

m em b ra n es , im p ro v in g ce llu la r a b s o rp tio n a n d re d u cin g to xicity.N LC s s h o w p o ten tia l

in o ra l, to p ica l, o p h tha lm ic , p u lm o n a ry , p a re n te ra l, a n d tra n s d e rm a l a d m in is tra tio n . T h e

s tu d ied fo r tre a tin g ca n c er, n eu ro lo g ica l d is o rd e rs , in fec tio u s d is e a s es , in fla m m a to ry

co n d itio n s , a n d c o s m etics . D u e to the ir a d a p ta b ility , s c ala b ility , a n d s a fety , N L C s a re

th e m o s t s u cc es s fu l n a n o ca rrie rs fo r m o d ern d rug d elive ry a n d a re s till b ein g s tud ied

in a c a d e m ia a n d in d u s try.(T a g h ip o u r e t a l., 2 0 1 8 )

□ DRUG PROFILE

T h e g lu co s e-d ep en d en t in s u lin o tro p ic p o lyp ep tid e re ce p to r (G IP R ) a n d th e

g lu c a g o n -lik e p e p tid e-1 rec ep to r (G L P-1 R ) a re the tw o p rim a ry in cre tin rec ep to rs th a t

a re ta rg eted b y th e n o ve l s yn th e tic p ep tid e m ed ic in e k n o w n a s tirz ep a tid e . T h is

tre a tm e n t w a s d ev elo p ed to trea t typ e 2 d ia b ete s a n d o b e s ity. F ro m a ch e m ica l p o in t

o f vie w , tirze p a tid e is a lin e a r p ep tid e c o n s is tin g o f 3 9 a m in o a cid s . It co n ta in s b o th

n a tu ra l a n d n o n -n a tu ra l a m in o a cid s , a n d it h a s b ee n m o d ifie d in a s tra teg ic m a n ne r in

o rd er to im p ro v e its th era p e u tic ca p a b ilit ies . A C 2 0 fa tty a cid m o ie ty th a t is c o n n e cted

to a lys in e re s id u e th ro u g h th e u s e o f a link e r is o n e o f th e m o s t im p o rta n t c h em ic a l

ch a ra c te ris tics th a t th is c o m p o u nd p o s s es s e s . A s a res u lt o f th is lip id a tio n , its b in d in g

to a lb u m in is im p ro v ed , w h ic h co n s id era b ly e xten d s its h a lf-life a n d m a k e s it p o s s ib le

to a d m in is ter it o n c e ev ery w ee k . ( W illa rd e t a l., 2 0 2 0 )T h e p ep tid e s e q u e n ce is

es s e n tia lly d e riv ed f ro m th e s tru ctu re o f h u m a n G IP ; h o w ev er, it h as b ee n d e s ig n ed to

a ctiva te b o th G IP a n d G L P -1 re ce p to rs , h en c e o ff erin g d u a l in cretin a c tio n . T h e

a lte ra tio n s to its s tru ctu re m a k e tirz ep a tid e m o re re s is ta n t to d e g ra d a tio n b y e n zym e s

s u ch a s d ip e p tid yl p ep tid a s e-4 (D P P -4 ), b o o s t rec ep to r s ele ctiv ity , a n d e n h a n ce

s o lu b ility . A s a res u lt , t irz ep a tid e is m o re ef fec tiv e a n d s ta b le u nd er p h ys io lo g ic a l

s ettin g s . (C ha v d a e t a l., 2 0 2 2 )
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F ro m a p h a rm a c o lo g ica l s ta n d p o in t , t irz ep a tid e is a b le to e xe cu te its eff ec ts b y

im ita tin g th e a ctio n s o f e n d o g en o u s in cre tin s . T h ro u g h ce n tra l p ro c es s es , a c tiv a tio n

o f G IP R a n d G L P -1 R re s u lts in in c re a s ed g lu co s e-d ep en d en t in s u lin s e cretio n ,

d e cre a s ed g lu c a g o n rele a s e, d e la yed g a s tric em p tyin g , a n d d ec re a s ed h u n g er. T h es e

ef fec ts a re b ro u g h t a b o u t b y b o th o f th es e rec ep to rs . T h e c o m b in a tio n o f th es e

a ctio n s lea d s to a n im p ro ve m e n t in g lyce m ic co n tro l a s w e ll a s a la rg e red u ctio n in

w eig h t, w h ic h freq u e n tly s urp a s s es th e effe cts o f G L P -1 re ce p to r a g o n is ts o n th eir

o w n , s u ch a s s e m a g lu tid e . It h a s b ee n d em o n s tra ted th a t tirz ep a tid e h a s p o w erfu l

p h a rm a co d yn a m ic effe cts , s u ch a s lo w erin g b lo o d g lu c o s e le ve ls b o th w h ile fa s tin g

a n d af te r m e a ls , en h a n c in g in s u lin s e n s itiv ity , a n d e n h an c in g b eta -c ell fu n ctio n . D u e to

th e fa c t th a t it is p ro vid e d th ro u g h s u b cu ta n eo u s in jec tio n a n d h a s a h a lf -lif e o f

ro u g hly five d a ys , it is p o s s ib le to a d m in is ter it o n c e ev ery w e ek , w h ich is h a n d y. T h e

m a jo rity o f th e d ru g 's m eta b o lis m o cc u rs b y p ro te o lytic c le a va g e, w ith o n ly a s m a ll

a m o u n t o f p a rtic ip a tio n f ro m cyto c h ro m e P 4 5 0 e n zym es . T h e m eta b o lic p ro d u cts o f

th e d ru g 's b re a k d o w n a re elim in a ted th ro u g h th e ren a l a n d h ep a tic p a th w a ys . (C h a vd a

et a l., 2 0 2 2 )

In clin ica l s ettin g s , tirze p a tid e is a p p ro ve d fo r th e trea tm en t o f typ e 2 d ia b etes u n d e r

th e b ra n d n a m e "M o u n ja ro ." A d d itio n a lly , it is n o w b e in g in ve s tig a te d fo r th e

m a n a g em e n t o f o b es ity a n d m eta b o lic p ro b le m s th a t a re co n n e cte d to e ith e r o f th es e

co n d itio n s . S ym p to m s o f th e g a s tro in te s tin a l tra c t, s u ch as n a u s ea , vo m itin g , a n d

d ia rrhe a , a re a m o n g th e m o s t p rev a len t a d ve rs e re a ctio n s to th is m ed ica tio n . T h es e

s ym p to m s a re typ ica l o f in c re tin -b a s ed trea tm e n ts . T h e re is a ls o a p o s s ib ility o f

h yp o g lyc em ia , p a rticu la rly w h e n it is u s e d in c o n ju nc tio n w ith in s u lin o r s u lfo n ylu rea s ,

a s w e ll a s a ris k o f p a n cre atit is , w h ich is q u ite u n c o m m o n b u t c a n b e q u ite p o te n tia lly
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d a n g ero u s . Tirze p a tid e is a s u b s ta n tia l im p ro v em e nt in p e p tid e -b a s e d tre a tm e n ts ,

co m b in in g n o ve l ch em ica l d es ig n w ith p o w erfu l p h a rm a co lo g ica l e ffe cts to ta rg e t tw o

o f th e m o s t im p o rta n t p u b lic h e alth ch a lle n g e s : d iab ete s a n d o b e s ity. D e s p ite th es e

co n s id e ra tio n s , t irz ep a tid e is a n o ta b le a d v a nc em e n t in th e field .(C h a v d a e t a l.,

2 0 2 2 )(W illa rd e t a l., 2 0 2 0 )
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Aim: T o p re p a ra tio n a n d d ev elo p m en t o f N a n o s tru c tu re d lip id ca rrie r fo r d ru g

tirz ep a tid e .

Objective:

1 . T o fo rm u la te s o lid N a n o s tru c tu red Lip id C arrier (N L C ) c o n ta inin g tirze p a tid e.

2 . T o e va lu a te th e p h ys io c h em ica l p ro p e rtie s o f th e p rep a ra tio n
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Instrument Required:

S. No. Instrument/Equipment Purpose

1 D ig ita l W e ig h in g B a la n c e A cc u rate m e a s u rem en t o f

d ru g a n d ex cip ie n ts

2 M a g n etic S tirrin g M e ltin g lip id s a n d

m a in ta in in g u n ifo rm

te m p era tu re d u rin g m ixin g

3 H ig h -S p e ed H o m o g e n iz er F o rm a tio n o f p rim a ry

em u ls io n

4 P ro b e S o n ic a to r R ed u ctio n o f p a rtic le s iz e a n d

fo rm a tio n o f N L C s

5 R e frig era to r / C o ld C h a m b er So lid ifica tio n a n d

s ta b iliza tio n o f N L C s

6 U V -V is ib le

S p ec tro p h o to m e ter

D ete rm in a tio n o f d ru g

co n c en tra tio n a n d

en tra p m e n t e ffic ie n cy
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7 ( D LS ) D yn a m ic lig h t

s ca tte rin g

M e a s u re m e n t o f P o ly

d is p e rs ity in d ex (P D I)

8 Z eta P o te n tia l A n a lyze r M e a s u re m e n t o f s u rf a ce

ch a rg e a n d s ta b ility o f N L C s

9 p H M e te r M e a s u re m e n t o f p H o f g e l

fo rm u la tio n

1 0 B ro o k field V is c o m eter E v alu a tio n o f v is c o s ity o f g e l

1 1 S ca n n in g E lec tro n

M ic ro s co p e (S E M )

M o rp h o lo g ica l a n a lys is o f

N L C s

1 2 F T IR S p e ctro p h o to m eter D ru g -e xc ip ien t co m p a tib ility

s tu d y

1 3 C en trifu g e Se p a ra tio n o f f re e d ru g fro m

N L C s fo r en tra p m e n t

effic ie n cy c a lc u la tio n

1 4 W a te r B a th H e a tin g o f s o lv en ts a n d lip id s

a t co n tro lle d tem p e ra tu re

1 5 G la s s w a re (B ea k e rs ,

M e a s u rin g C ylin d ers , etc .)

G en e ra l m ixin g , m ea s u rin g ,

a nd p rep a ra tio n p ro c es s e s

Chemical Required:

C a teg o ry C o m p o n e n ts

D ru g T irz ep a tid e (p ro c u red fro m a ce rtified

p h arm a ce u tic a l s u p p lie r)

S o lid Lip id s G lyc eryl m o no s tea ra te (G M S )

Liq u id L ip id s O le ic a cid

S u rf ac ta n ts T w ee n 8 0 , P o lo xa m e r 1 8 8

S o lve n ts a n d R ea g en ts E th a n o l, D is tille d w a ter, a n d o th er

a n a lytic a l g ra d e rea g en ts
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Formulation of Solid nano particle

N a n o s truc tu re d lip id ca rrie rs (N LC s ) lo a d e d w ith T irz ep a tid e w a s p rep a re b y u s in g th e

h o t h o m o g e niz a tio n s u cc eed b y ultra s o n ica tio n m eth o d . In it ia lly , T h is p h a s e o f lip id

w a s p re p a red b y c o rrec tly w e ig h in g a n d m e ltin g th e s elec te d s o lid lip id (s u ch a s

C o m p rito l 8 8 8 A T O o r g lyc eryl m o n o s tea ra te ) to g eth e r w ith th e c ho s en liq u id lip id

(s u c h a s o le ic a cid o r C a p ryo l 9 0 ) a t a tem p e ra tu re a p p ro x im a tely 5– 1 0 ° C o f th e

s o lid lip id to e n s u re co m p lete fu s io n . T irze p a tid e w a s th e n in co rp o ra te d in to th e

m elted lip id m ixtu re u n d er co n tin u o u s s tirrin g u n til a cle ar d rug -lip id s o lu tio n w a s

o b ta in e d . In p a ra llel, th es e s u rfa c ta n ts T w ee n 8 0 a n d /o r P o lo xa m er 1 8 8 in

d im in era ls e d w a te r a n d h ea tin g th is s o lu tio n to th e s a m e te m p era tu re a s the lip id

p h a s e . T h e h o t a q u eo u s p h a s e w a s h ig h ly a d d ed to th e lip id p h a s e w ith h ig h -s p e ed

h o m o g en iz a tio n ( typ ica lly a t 1 2 ,0 0 0 rp m fo r 1 0 m in u tes ) to p ro d u ce a co a rs e

p re -em u ls io n . T h is p re -em u ls io n w a s fu rth e r p ro c es s e d u s in g a p ro b e u ltra s o n ic a to r

fo r a b o u t 3 to 5 m in u tes , w ith in te rm itte n t p u ls e s , to red u c e th e d ro p let s iz e a n d o b ta in

a n a n o em u ls io n w ith e n h a nc ed u n ifo rm ity. T h e res u lt in g fo rm u la tio n w a s s to red in

a irt ig h t co n ta in ers a t ref rig e ra te d co n d itio n s fo r fu rth e r c ha ra c te riz a tio n a n d

ev a lu a tio n.(Z h en g e t a l., 2 0 1 3 )

Characterization Parameters:

● Particle Size and Polydispersity Index (PDI)

P a rtic le s ize is a im p o rta n t fa c to r in th e c h a ra c te riz a tio n o f N LC s , a s it d ire ctly

a ffe cts th e d ru g relea s e , s k in p en e tra tio n , a n d p h ys ica l s ta b le to th e

fo rm u la tio n . T h e p o lyd is p ers ity in d ex (P D I) refle cts th e u n ifo rm ity o f th e

d is trib u tio n o f s ize o f p a rtic les . A lo w er P D I (p refe ra b ly b e lo w 0 .3 ) ind ica tes a

h o m o g en o u s f o rm u la tio n , w h erea s a h ig h er PD I s u g g es ts a b ro a d er s ize

d is trib u tio n th a t m a y co m p ro m is e s ta b ility . T h e d ilu ted s a m p le w ith

d im in era lis e d w ate r a n d a n a lyze d u s in g a Z eta s ize r. S m a lle r n a n o p a rtic le s w ith

u n ifo rm d is trib u tio n f ac ilita te b e tter d e rm a l p en e tra tio n a n d c o n tro lled d ru g

relea s e .(A n d o n o va & P en e va , 2 0 1 8 )
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● Zeta Potential

Z eta p o te n tia l is m e a s u re d s u rfa c e ch a rg e o f n a n o p a rtic les a nd is a n

im p o rta n t in d ic a to r o f co llo id a l d is p e rs io n s lik e N LC s . A ze ta p o te n tia l va lu e

+ 3 0 m V o r les s th a n – 3 0 m V is g e n era lly c o n s id ered s ta b le , a s it s u g g e s ts

s tro n g fo rce s th a t p rev en t p a rtic le a g g re g a tio n . T h is m e a s u re m en t e ns u re s

th a t th e N LC s m a in ta in th e ir d is p ers io n q u a lity o ve r tim e a n d d o n o t s ettle o r

a g g reg a te (T h a tip a m u la e t a l., 2 0 1 1 )(A ve rin a et a l. , 2 0 1 1 )

● Morphology and Surface Characteristics

T h e m o rp h o lo g ic a l e va lu a tio n o f N L C s p ro vid e s in s ig ht in to th e ir s h a p e , s ize

u n ifo rm ity , a n d s u rfa ce s m o o th ne s s . T h is tec h n iq u es s u ch a s Tra n s m is s io n

E le ctro n M ic ro s co p y (T E M ), S c a n n ing E lec tro n M icro s co p y (S E M ), a n d

(A FM ) a to m ic fo rc e m ic ro s c o p y. TE M a llo w s fo r v is u a liza tio n o f in tern a l

s tru c tu re s a n d c o n f irm a tio n o f s p h erica l s h a p e , w h ile S E M p ro vid e s d eta iled

im a g es o f th e p a rtic le s urfa c e. A F M o ffers 3 D to p o g rap h ica l in fo rm a tio n

a n d ro u g h n es s m e a s u rem en ts . T h es e te ch n iq u e s c o n firm w h eth e r th e N LC s

a re s p h erica l, s m o o th -s u rfa ce d , a n d n o n -a g g reg a te d . (T a n et a l.,

2 0 1 0 )(M a k o n i et al., 2 0 1 9 )

● Drug Loading and Entrapment Efficiency

D ru g lo a d in g ( D L% ) a nd en tra p m e n t e ffic ien c y (E E % ) a re c rit ica l p a ra m e te rs

to e va lu a te th e e ffec tiv en e s s o f d rug en c a p s u la tio n w ith in N LC s .

E n tra p m en t e ffic ien c y is d ru g en tra p p e d w ithin th e n a n o p a rtic les o f to ta l

a m o u n t o f d ru g fo rm u la tio n , w h ile d ru g lo a d in g re fe rs to th e ra tio o f th e

d ru g in c o rp o ra ted to th e lip id m a trix. P a ra m eters a re res o lv e b y

u ltra c en trifu g a tio n o f th e N LC d is p ers io n , fo llo w ed b y a n a lys is o f th e

s u p e rn ata n t u s in g U V– V is ib le s p ec tro s c o p y o r H ig h -P e rf o rm a n c e Liq u id

C h ro m a to g ra p h y (H P LC ). H ig h E E a n d D L v a lu e s in d ica te a s ta b le
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fo rm u la tio n w ith eff ic ien t d ru g in c o rp o ra tio n a n d m in im a l d ru g lo s s .(W u e t

a l., 2 0 2 2 ).(S o u to et a l., 2 0 0 4 )

Differential Scanning Calorimetry (DSC)

(D S C ) is u s e d to in v es tig a te th e th erm a l b eh a v io r o f N LC s a n d to a s s e s s

th e d ru g w ithin th e lip id m a trix . D S C h e lp s d eterm in e w h eth e r th e d ru g is

p re s en t in a crys ta llin e o r a m o rp h o u s fo rm to th e d ru g a n d ex cip ie n ts .

D u rin g D S C a n a lys is , the N LC s a m p le is h ea ted a t a co n tro lled ra te, a n d h e a t

flo w is re co rd ed . A s h if t in m e ltin g p ea k s , red u c tio n in en th a lp y, o r c o m p lete

d is a p p e ara n c e o f th e d ru g ’ s m e ltin g p o in t s u g g e s ts its s u c ce s s fu l

in co rp o ra tio n in to th e lip id m a trix a n d p o s s ib le red u ctio n in crys ta llin ity ,

w h ic h ca n im p ro ve d ru g s o lu b ility a n d b io a va ila b ility (J a is w a l e t a l., 2 0 1 6 )

Xray Diffraction (XRD)

X -ra y D iffra ctio n (X R D ) a n a lys is is p e rf o rm e d to s tu d y th e c rys ta llin e o r

a m o rp h o u s n a tu re o f th e d ru g a n d lip id s in N LC fo rm u la tio n s . T h e te ch n iq ue

in vo lv es p a s s in g X -ra ys th ro u g h th e p o w d e re d s a m p le a nd d ete cting th e

d iff ra c tio n p a tte rn . P u re c rys ta lline d ru g s e xh ib it s h a rp p e a k s a t s p ec if ic 2θ

a n g le s , w h ile a m o rp h o u s fo rm s s h o w b ro a d h u m p s . In th e ca s e o f N LC s .

T h is tra n s fo rm a tio n is b e n ef ic ia l a s it typ ia lly en h a n c es s o lu b ility a n d

th era p e u tic e ffica c y (P a rd eik e e t a l., 2 0 0 9 ).

● Fourier Transform Infrared Spectroscopy (FTIR)

F T IR is u s ed a n y p o ten tia l ch em ica l in tera ct b e tw ee n th e d ru g a n d th e lip id

ex cip ie n ts in N L C s . F T IR a n a lys is in v o lve s s ca n n in g th e s a m p le in th e

in fra re d reg io n a n d o b s ervin g th e fu n c tio na l g ro u p . A n y c h a n g e s in p e a k

p o s itio n, in te n s ity , o r th e a p p e a ra n ce/ d is a p p e a ra n c e o f b a n d s m a y in d ica te

in te ra ctio n s s u c h a s h yd ro g en b o n d in g o r c o m p le x fo rm a tio n . S u c h
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in te ra ctio n s c a n in flu en c e th e s ta b ility a n d relea s e to th e d ru g .( T an et a l.,

2 0 1 0 )

● In Vitro Drug Release Study

In vitro d ru g re le a s e in fo rm a tio n o n h o w th e d ru g is relea s e d fro m th e N LC

m a trix o v er tim e . Th e m o s t co m m o n ly u s e d m e tho d is th e d ia lys is b a g

d iff us io n tec h n iq u e, in w h ic h th e N LC fo rm u la tio n is p la c ed in s id e a d ia lys is

m em b ra n e th a t is im m e rs e d in a rec ep to r m e d iu m s u ch a s

p h o s p h a te-b u ffe re d s a lin e (P B S ). T o m a in ta in e d th e p h ys io lo g ic a l

tem p e ra tu re (3 7 ° C ), a n d s a m p le s a re reg u la r in terv a ls fo r a n a lys is . T h e

d a ta is a n a lys ed b y m a th em a tic a l m o d e ls ( e.g ., ze ro -o rd e r, firs t-o rd e r,

H ig u ch i, o r K o rs m ey er– P ep p a s ) to u n d e rs ta n d th e d rug rele a s e k in e tic s . A

co n tro lle d a n d s u s tain e d re lea s e p ro file is g en e ra lly d es ira b le fo r to p ic a l

fo rm u la tio n s (T a n et a l., 2 0 1 0 )(M a d a n e & M a h a ja n , 2 0 1 6 )

● Stability Studies

S ta b ility s tu d ie s a re e va lu a te th e N LC fo rm u la tio n s o v er tim e . T h e s e s tu d ie s

in vo lv e s to rin g th e f o rm u la tio n s a t d iff eren t tem p e ra tu re a n d h u m id ity

co n d itio n s , a s p re s crib e d b y IC H g u id elin es (e .g ., 2 5 ° C / 6 0 % R H , 4 0 °

C / 7 5 % R H ), a n d p erio d ic a lly m o n ito rin g p a ra m e ters s u c h a s s iz e o f p a rtic les ,

P D I , z eta p o te n tia l, d ru g co n ten t, a n d vis u a l a p p e a ra n ce. A s ta b le

fo rm u la tio n s h o w s m in im a l c ha n g es in th es e p a ra m e te rs o v er th e te s t

d u ra tio n , in d ica ting g o o d s h elf life a n d ro b u s tn e s s o f th e

fo rm u la tio n .(O b eid a t et a l. , 2 0 1 0 ) (T ee ra n a c h a id ee k u l e t a l., 2 0 0 7 )
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T h e T irze p a tid e-lo a d e d n a n o s tru ctu red lip id ca rrie rs (N L C s ) w ere s uc ce s s fu lly

fo rm u la te d u s in g a ho t h o m o g en iza tio n fo llo w ed b y p ro b e u ltra s o n ica tio n tec h n iq u e.

T h e m e th o d yie ld e d a s ta b le n a n o s ca le d is p e rs io n en c a p s u la tin g T irz ep a tid e w ith in a

m ix ed s o lid– liq u id lip id m a trix d es ig ne d fo r e n h a n ce d d ru g lo a d in g a n d c o n tro lled

relea s e .

● Lipid Selection & Drug Incorporation: Th e lip id p h a s e w a s c o m p o s ed o f a s o lid

lip id ( e.g ., C o m p rito l 8 8 8 A T O o r g lyce ry l m o n o s tea ra te ) a n d a liq u id lip id (e.g .,

o le ic a cid o r C a p ryo l 9 0 ), s elec te d b a s ed o n p re lim ina ry s o lu b ility s tu d ies . T h e

lip id s w e re a c cu ra tely w eig h ed a n d m e lte d a t 7 0– 8 0 ° C . T irze p a tid e w a s

d is p ers ed in to th e m o lte n lip id m ix tu re w ith co n tin u o u s s tirrin g to e n s u re u n ifo rm

in co rp o ra tio n . S o lu b ility lim ita tio n s , a m in im a l q u a n tity o f e th a n o l to d is s o lve th e

d ru g b efo re m ix in g w ith th e lip id m elt.

● Preparation of the Aq. Phase: T h e a q . p ha s e co m p ris e o f s u rfa c ta n ts s u ch a s

T w ee n 8 0 a n d P o lo xa m er 1 8 8 to s ta b iliz e th e em u ls io n , o p tio n a lly co m b in e d w ith a

co -s u rfa cta n t lik e P E G 4 0 0 o r le cith in . T h is p h a s e h e a te d a n d fo rm lip id p h a s e to
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p re ve n t p rem a tu re s o lid ific a tio n d u rin g m ixin g a n d to m a in tain s ys te m

co m p a tib ility .

● Emulsification & Particle Size Reduction: T h e w a rm a q . p h a s e w a s a d d ed s lo w ly

to th e m o lte n lip id -d ru g m ix tu re u n d e r h ig h -s p e ed h o m o g e niz a tio n (1 2 ,0 0 0–

1 5 ,0 0 0 rp m ) f o r 1 0 – 1 5 m in u tes . T h is w a s fo llo w ed b y p ro b e u ltra s o n ic atio n fo r

3– 5 m in u tes in p u ls e m o d e, w h ich s ig n ifica n tly re d u c ed p a rtic le s iz e a n d

en h a n c ed h o m o g e n eity. T h e res u lt in g N L C d is p e rs io n ex h ib ite d p a rtic le s ize s

typ ica lly in th e n a n o m ete r ra n g e ( < 2 0 0 n m ), s u ita b le fo r im p ro v ed b io a v a ila b ility .

● Nanoparticle Formation & Solidification: T h e h o t n a n o em u ls io n w a s g ra d u a lly

co o le d to R T u n d e r c o n tin u o u s s tirrin g . T h is a llo w e d th e lip id p h a s e to re crys ta llize ,

ef fec tiv ely e n tra p p in g T irze p a tid e w ith in th e lip id m a trix an d fo rm in g s ta b le

n a n o s tru ctu re d lip id c arriers .

● Visual & Textural Assessment: T h e N LC d is p e rs io n , e xh ib ited a u n ifo rm

a p p ea ra n ce w ith n o s ig n s o f p rec ip ita tio n . Th e n a n o g el w a s n o n -g rea s y, ea s ily

s p re a d a b le , a n d s h o w e d s u ita b le c o n s is te n cy a n d vis co s ity fo r p o ten tia l

tra n s d erm al d e liv ery
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Particle Size and Polydispersity Index (PDI)

Formulation Code Particle Size (nm) Polydispersity Index (PDI)

TRZ-NLC1 1 4 2 .6 ± 3 .4 0 .2 1 9 ± 0 .0 2

TRZ-NLC2 1 3 7 .8 ± 2 .9 0 .2 0 5 ± 0 .0 1

TRZ-NLC3 1 3 1 .2 ± 3 .6 0 .1 8 7 ± 0 .0 3

TRZ-NLC4 1 4 9 .7 ± 4 .2 0 .2 4 1 ± 0 .0 2

TRZ-NLC5 1 3 4 .9 ± 3 .1 0 .2 1 3 ± 0 .0 1
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Graph: Particle Size and polydispersity Index
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Particle Size:

Formulation Code Particle Size (nm)

TRZ-NLC1 1 4 2 .6 ± 3 .4

TRZ-NLC2 1 3 7 .8 ± 2 .9

TRZ-NLC3 1 3 1 .2 ± 3 .6

TRZ-NLC4 1 4 9 .7 ± 4 .2

TRZ-NLC5 1 3 4 .9 ± 3 .1
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G ra p h : P a rtic le S iz e

Zeta Potential

Formulation Code Zeta Potential (mV)

TRZ-NLC1 -3 0 .8 ± 1 .3

TRZ-NLC2 -2 8 .5 ± 1 .1

TRZ-NLC3 -3 2 .9 ± 1 .0

TRZ-NLC4 -2 9 .6 ± 1 .2

TRZ-NLC5 -3 1 .7 ± 1 .0

GIS SCIENCE JOURNAL ISSN NO : 1869-9391

VOLUME 12, ISSUE 7, 2025 PAGE NO: 506



G ra p h : Z eta P o ten tia l

Entrapment Efficiency

Formulation Code Entrapment Efficiency (%)

TRZ-NLC1 9 1 .3 ± 0 .9

TRZ-NLC2 9 3 .6 ± 1 .1

TRZ-NLC3 8 9 .8 ± 1 .3

TRZ-NLC4 9 2 .7 ± 0 .8

TRZ-NLC5 9 0 .4 ± 1 .0
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Graph: entrapment efficiency

Drug Loading

Formulation Code Drug Loading (%)

TRZ-NLC1 2 .9 5 ± 0 .0 7

TRZ-NLC2 3 .6 2 ± 0 .0 9

TRZ-NLC3 3 .4 7 ± 0 .0 8

TRZ-NLC4 4 .2 0 ± 0 .1 1

TRZ-NLC5 3 .8 8 ± 0 .1 0
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Morphological Studies

Formulation Code SEM Particle Size

(nm)

TEM Particle Size

(nm)

AFM Particle Size

(nm)

TRZ-NLC1 1 2 1 .6 ± 2 .8 1 1 8 .5 ± 3 .4 1 2 3 .3 ± 3 .0

TRZ-NLC2 1 2 8 .2 ± 3 .1 1 2 5 .4 ± 2 .7 1 3 0 .1 ± 3 .5

TRZ-NLC3 1 1 5 .3 ± 3 .7 1 1 2 .9 ± 3 .2 1 1 7 .6 ± 2 .9
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TRZ-NLC4 1 3 6 .5 ± 3 .4 1 3 2 .1 ± 3 .6 1 3 8 .9 ± 3 .8

TRZ-NLC5 1 2 3 .8 ± 2 .9 1 2 1 .0 ± 2 .5 1 2 6 .4 ± 2 .6

G ra p h : S E M , T E M , A F M

Differential Scanning Calorimetry

Formulation

Code

Melting point Enthalpy of

melting (° C)

Onset

temperature (°

C)

End set

temperature
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TRZ-NLC1 5 4 .2 5 8 .7 6 2 .1 2 2 .5

TRZ-NLC2 5 3 .6 5 7 .9 6 1 .3 2 1 .3

TRZ-NLC3 5 5 .1 5 9 .4 6 2 .9 2 3 .1

TRZ-NLC4 5 2 .8 5 7 .2 6 0 .8 2 0 .7

TRZ-NLC5 5 4 .5 5 9 .1 6 3 .0 2 2 .0

XRD Analysis

2 θ (d eg re es ) T R Z -N LC 1

In te n s ity (% )

T R Z -N LC 2

In te n s ity (% )

T R Z -N LC 3

In te n s ity (% )

T R Z -N LC 4

In te n s ity (% )

T R Z -N LC 5

In te n s ity (% )

1 0 .5 2 4 2 7 2 2 2 5 2 3

1 5 .2 3 7 4 0 3 6 3 8 3 5

1 9 .8 4 4 4 7 4 2 4 6 4 3

2 1 .4 6 2 6 5 6 1 6 4 6 0

2 3 .1 7 8 8 1 7 6 8 0 7 7

2 5 .6 5 2 5 5 5 0 5 4 5 1

2 7 .3 3 4 3 6 3 2 3 5 3 3

FTIR Analysis
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In Vitro drug release
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Stability Studies

Time (Min) Formulation Particle Size (nm) % Drug Content Physical
Appearance

0.5 TRZ-NLC1 122.4 97.9 No Change

1.0 TRZ-NLC1 122.5 97.7 No Change

2.0 TRZ-NLC1 122.7 97.5 No Change

0.5 TRZ-NLC2 129.3 97.7 No Change

1.0 TRZ-NLC2 129.6 97.5 No Change

2.0 TRZ-NLC2 129.9 97.2 No Change

0.5 TRZ-NLC3 116.5 97.8 No Change

1.0 TRZ-NLC3 116.7 97.5 No Change

2.0 TRZ-NLC3 116.9 97.3 No Change

0.5 TRZ-NLC4 137.5 97.0 No Change

1.0 TRZ-NLC4 137.8 96.8 No Change

2.0 TRZ-NLC4 138.1 96.5 Slight Opacity

0.5 TRZ-NLC5 124.8 97.6 No Change
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1.0 TRZ-NLC5 125.0 97.4 No Change

2.0 TRZ-NLC5 125.3 97.1 Slight Opacity

GIS SCIENCE JOURNAL ISSN NO : 1869-9391

VOLUME 12, ISSUE 7, 2025 PAGE NO: 515



GIS SCIENCE JOURNAL ISSN NO : 1869-9391

VOLUME 12, ISSUE 7, 2025 PAGE NO: 516



T h e s u cc es s fu l d ev elo p m en t o f n a n o s tru c tu red lip id ca rrie rs (N LC s ) lo a d e d w ith

T irz ep a tid e rep re s en ts a s ig n ific an t s tep fo rw a rd in th e fo rm u la tio n o f p ep tid e-b a s ed

th era p e u tic s f o r m e ta b o lic d is o rd ers s uc h a s typ e 2 d ia b etes a n d o b e s ity. T h is s tu d y

ex p lo re d th e d es ig n , p re p a ra tio n , an d e va lu a tio n o f f iv e o p tim ize d T R Z -N LC

fo rm u la tio n s u s in g a h o t h o m o g e n iza tio n a n d u ltra s o n ic a tio n m eth o d . T h e o ve ra ll a im

w a s to o ve rc o m e th e lim ita tio n s a s s o c ia te d w ith th e p o o r a q u eo u s s o lu b ility ,

in s ta b ility , a n d s h o rt b io lo g ica l h a lf-life o f p ep tid e d ru g s lik e T irze p a tid e, w h ile

en s u rin g en h a n c ed b io a v a ila b ility a n d s u s ta in ed re le a s e ch a ra cte ris tics .

Formulation Strategy and Particle Characteristics

T h e fo rm u la tio n p ro ce s s w a s m e tic u lo u s ly d e s ig n ed u s in g b o th s o lid a n d liq u id lip id s

in a p p ro p ria te ra tio s , s ta b iliz ed b y s u rfa c ta n ts s u ch a s T w e en 8 0 a n d p o lo xa m er 1 8 8 .

T h e re s u lt in g N L C s s ize o f p a rtic le s ran g in g fro m 1 3 1 .2 ± 3 .6 n m to 1 4 9 .7 ± 4 .2 n m ,

w h ic h is w ith in th e d es ired ra n g e fo r n a n o c a rriers in ten d ed fo r s ys tem ic d elive ry. T h e

P a rtic le s iz e p la ys a c ru c ia l ro le in ce llu la r u p ta k e, b io d is trib u tio n , an d inte ra c tio n w ith

b io lo g ic al m e m b ran e s . N a n o s ca le fo rm u la tio n s b elo w 2 0 0 nm are k n o w n to ex h ib it

en h a n c ed p e rm ea b ility th ro u g h th e g a s tro in tes tin a l tra ct, s k in , a n d en d o th elia l la ye rs ,

m a k in g th e o b s erve d s iz e ra n g e id ea l fo r v a rio u s ro u te s o f a d m in is tra tio n , in clu d in g

o ra l a n d tra n s d e rm a l d e liv ery.

T h e p o lyd is p ers ity in d ex (P D I) v alu e s o f a ll T R Z -N LC s w e re b elo w 0 .2 5 , in d ic a tin g a

n a rro w p a rtic le s iz e s ep a ra tio n a n d h o m o g e n o u s fo rm ula tio n . T h is is im p o rta n t P D I

ca n lea d to a g g reg a tio n , re d u c ed d ru g b io a v a ila b ility , a n d v a ria b le re le a s e p ro files .
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T R Z -N L C 3 , in p a rticu la r, d em o n s tra te d th e s m a lles t p a rtic le s iz e a n d lo w e s t P D I, w h ic h

m a y s u g g e s t b ette r p h ys ica l s ta b ility a n d s u p erio r p e rfo rm a n c e in d ru g d e liv ery.

Zeta Potential and Surface Charge

T h e s u rfa ce ch a rg e o f n a n o p a rtic les , m ea s u re d a s z eta p o te n tia l, s e rv es a s a p red ic to r

o f c o llo id a l s ta b ility . T h e n e g a tiv e z eta p o te n tia l v a lu es , ra n g in g fro m -2 8 .5 m V to -3 2 .9

m V . N a n o ca rriers w ith z eta p o te n tia l a b o ve ±3 0 m V a re c o n s id e red elec tro s ta tica lly

s ta b le, re d u c in g th e lik elih o o d o f a g g reg a tio n d u rin g s to ra g e . T R Z -N L C 3 ag a in

d e m o n s tra ted s u p erio r c h a ra c teris tics , w ith th e h ig h es t z eta p o te n tia l m a g n itu d e o f

-3 2 .9 ± 1 .0 m V , fu rth er va lid a tin g its s ta b ility . T he n e g a tiv e s u rfa c e ch a rg e a ls o p la ys a

ro le in in te ra c tio n w ith b io lo g ica l m em b ra n es , p a rticu la rly th e m u cu s la ye r in o ra l a n d

p u lm o n a ry ro u te s , en a b lin g p ro lo n g ed res id en c e tim e a n d e n h a n ce d a b s o rp tio n .

Entrapment Efficiency and Drug Loading

H ig h d ru g en c a p s u la tio n ef fic ien c y (E E % ) a n d d ru g lo a d in g c ap a city (D L% ) a re k e y

p a ra m eters fo r a n y n a no p a rtic le-b a s ed d ru g d e liv ery s ys te m . In th is s tu d y, E E % va lu e s

ra n g e d f ro m 8 9 .8 ± 1 .3 % to 9 3 .6 ± 1 .1 % , w h ile D L % v a lu es v a rie d fro m 2 .9 5 ± 0 .0 7 % to

4 .2 0 ± 0 .1 1 % . Th e s e re s u lts d em o n s trate th a t th e lip id m a trix s e le cte d fo r th e

fo rm u la tio n w a s h ig h ly e ffic ien t in e n ca p s u la tin g T irz ep a tid e . T h e h ig h e r en tra p m e n t

in T R Z -N L C 2 c o u ld b e d u e to a n o p tim a l ra tio o f s o lid -to -liq u id lip id s , w h ic h crea te s

en o u g h im p erfec tio n s th e lip id c o re to a c co m m o d a te m o re d ru g m o lec u les . T h e h ig h

lo a d in g a n d e n ca p s u la tio n ef fic ien c ie s a ch iev ed in d ic a te re d u c ed d ru g w a s ta g e a n d

im p ro ve d c o s t-ef fec tiv en e s s o f th e fo rm u la tio n .

Morphological Analysis

M o rp h o lo g ica l a s s e s s m e n ts u s in g S ca n n in g E lec tro n M icro s c o p y (S E M ),

T ra n s m is s io n E lec tro n M icro s co p y (T E M ) , a n d A to m ic F o rc e M ic ro s co p y (A F M )

co n firm e d th e s p h e rica l n a tu re a n d n an o s ca le s iz e o f th e p artic les . T h is co n s is te nc y in
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m o rp h o lo g y is es s e n tia l b ec a u s e u n ifo rm , s p h e ric a l p a rtic les o ffe r a h ig h er s u rfa ce

a rea -to -vo lu m e ra tio , e n h a nc in g d ru g re le a s e a n d a b s o rp tio n k in etics . A F M a re s o ft

s u rfa ce s a n d m in im a l s u rfa c e ro u g h n es s , w h ich is id e a l fo r m in im izin g im m u n o g en ic

res p o n s es a n d im p ro v in g s k in p erm e a tio n in ca s e o f to p ic a l o r tra ns d erm a l d elive ry.

Thermal and Crystallinity Behavior

D iffe ren tia l S c a n n in g C a lo rim e try ( D S C ) s tu d ie s p ro v id e d c rit ica l in s ig h t in to th e

p h ys ic a l s ta te o f T irz ep a tid e w ith in th e N LC m a trix. T h e a b s e n ce o r re d u ctio n o f s h arp

m eltin g p ea k s , a lo n g w ith a n o ticea b le d e crea s e in en th a lp y, s u g g es ted th a t th e d ru g

w a s n o lo n g er in its c rys ta llin e fo rm an d w a s lik ely m o lecu la rly d is p ers ed o r p res e n t in

a n a m o rp h o u s s ta te . T h is tra n s fo rm a tio n en h a n c es s o lu b ility a n d b io a va ila b ility , a

crit ic a l c o n s id era tio n f o r p o o rly w a ter-s o lu b le d ru g s lik e T irze p a tid e. Th e X -ra y

D iffra c tio n (X R D ) a n a lys is s u p p o rted th e D S C re s u lts , a s th e s h a rp p e a k s c h a ra c teris tic

o f c rys ta llin e T irz ep a tid e w e re s ig n ifica n tly red u ce d o r d is a p p ea red in th e N LC

fo rm u la tio n s , co n firm in g s u c ce s s fu l en tra p m en t a n d a m o rp h iza tio n . T h e

tra n s fo rm a tio n fro m c rys ta llin e to a m o rp h o u s is fa vo ra b le fo r d is s o lu tio n a n d

d iff us io n f ro m b io lo g ic a l flu id s .

Fourier Transform Infrared (FTIR) Spectroscopy

F T IR a n a lys is w e re n o s ig n ifica n t s h ifts in th e f u n ctio n a l g ro u p b an d s o f T irz ep a tid e o r

th e ex cip ie n ts , in d ica tin g th e a b s en c e o f a n y c h em ica l c o m b in e d b e tw ee n th e d ru g

a n d lip id s . T h is is critic a l, a s in te rac tio n s c a n co m p ro m is e d ru g s ta b ility o r eff ic a cy.

T h e re ten tio n o f c h a ra c te ris tic p e a k s co n firm s th a t th e en ca p s u la tio n w a s p h ys ic a l,

n o t c h em ica l, a n d th a t th e in te g rity o f T irz ep a tid e rem a in ed in ta c t th ro u g h o u t th e

fo rm u la tio n p ro ce s s .

In Vitro Drug Release studies
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In v itro d ru g s tu d ie s s ho w th a t a ll five fo rm u la tio n s e xh ib ited a (S R ) s u s ta in ed re lea s e

p a ttern o v er a p ro lo n g e d p e rio d . A m o n g th e m , T R Z -N LC 5 s h o w e d th e s lo w es t re le a s e,

w h ic h c a n b e b e n efic ia l fo r m a in ta in in g th e rap eu tic le ve ls o f T irze p a tid e w ith fe w e r

d o s in g ev en ts . S u s ta in ed re le a s e is p a rticu la rly im p o rta n t fo r p ep tid e d ru g s lik e

T irz ep a tid e, w h ic h a re p ro n e to e n zym a tic d eg ra d a tio n a n d h a ve a s h o rt p la s m a

h a lf-life. T h e lip id m a trix a c ts a s a res e rv o ir, s lo w ly relea s in g th e en c a p s u la te d d ru g ,

th ereb y m in im izin g p la s m a f lu c tu a tio n s a n d en h a n c in g th era p e u tic ef fica cy . T h is

co n tro lle d re lea s e p ro f ile m a n a g in g ch ro n ic term p a tte rn lik e d ia b etes , w h ere

m a in ta in in g co ns is ten t b lo o d g lu c o s e le ve ls is es s e n tia l.

Stability Studies

T h e s ta b ility s tu d ie s to p erfo rm a p h ys ic al in te g rity a n d d ru g co n te n t o ve r s h o rt

d u ra tio n s . T h e d ata in d ica ted th a t a ll fo rm u la tio n s m a in ta in ed co ns is ten t p a rtic le s ize

a n d d ru g c o n ten t d u rin g th e s tu d y p erio d . A lth o u g h T R Z -N L C 4 a n d T R Z -N L C 5 s ho w ed

s lig h t o p a c ity a t th e 2 -m in u te m a rk , th is w a s n o t a c co m p a n ie d b y s ig n if ic a n t c h a n g e s

in o th e r p h ys ico ch e m ica l p a ra m e te rs a n d s e p a ra tio n o r s e d im en ta tio n . T h es e fin d in g s

s u g g es t g o o d s h o rt-term p h ys io ch e m ica l s ta b ility o f th e T R Z -N L C fo rm u la tio n s ,

a lth o u g h lo n g e r-te rm s tu d ie s u n d er IC H -rec o m m en d e d co n d itio n s w o u ld b e ne ce s s a ry

fo r c o m p reh e n s iv e s ta b ility p ro filin g .

Implications of the Study

T h e N LC s a n d th eir p o te n tia l in p e p tid e a n d p ro tein d ru g d e liv ery. N LC s n o t o n ly

en h a n c e th e re lia b ility o f b io m o lec u le s b u t a ls o p ro vid e a n e ffic ien t b a rrier a g a in s t

en z ym a tic d e g ra d a tio n , p a rticu la rly in th e g a s tro in tes tin a l tra ct. F u rth erm o re, th e

ch o ice o f b io c o m p a tib le a n d b io d e g ra d a b le lip id s en s u res th a t th e ca rriers th e m s e lv es

d o n o t trig g e r u n w a n ted im m u n e re s p o n s es o r cyto to x icity. B y ta ilo rin g th e lip id

co m p o s itio n a n d s u rfa c ta n t co n ce n tra tio n , it is p o s s ib le to fin e-tu n e d ru g re lea s e

p ro file s , m a k in g N L C s h ig h ly a d a p ta b le fo r v a rio u s th e ra p eu tic n ee d s .
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T h e h ig h en tra p m e n t e ffic ien c y o b s e rv ed in th is s tu d y is p a rtic ula rly n o ta b le w h e n

co m p a red to tra d it io n a l d elive ry s ys tem s s u c h a s em u ls io n s o r p o lym e ric

n a n o p a rtic le s , w h ic h o ften s h o w lo w er en c ap s u la tio n o f h yd ro p h ilic p e p tid e s . T h e lip id

m a trix o f N L C s , b e in g p a rtia lly crys ta llin e a n d p a rtia lly d is o rd er liq u id lip id s , crea tes a n

en v iro n m e n t co n d u c iv e to h ig h d ru g in c o rp o ra tio n a n d m inim a l d ru g ex p u ls io n d u rin g

s to ra g e .

Potential Applications and Future Directions

G iv en th e p ro m is in g res u lts o b s e rv ed w ith T R Z -N L C fo rm u la tio n s , th ere is s u b s tan tia l

p o ten tia l fo r th es e n a n o ca rrie rs to b e a p p lied in c lin ica l s ettin g s . O ne o f th e m o s t

a ttra ctive fea tu res o f th e d e ve lo p e d s ys te m is its v ers a tility . T h e s a m e fo rm u la tio n

p la tfo rm ca n b e a d a p ted f o r o ra l, tra n s d erm a l, o r in je cta b le ro u tes w ith m ino r

m o d ific a tio ns .

A d d itio n a lly , ch ro n ic a d m in is tra tio n a n d to x ic ity s tu d ie s to as s e s s lo n g -te rm s a fe ty.

E x p lo ra tio n o f lyo p h iliz a tio n tec h n iq u es co u ld im p ro v e s to ra g e s ta b ility , es p ec ia lly fo r

fo rm u la tio n s in ten d e d fo r g lo b a l d is trib utio n u n d e r v a rie d clim a tic c o n d itio n s .

M o reo ve r, in c o rp o ra tin g p a tie nt-c en tric co n s id era tio n s s u ch a s n ee d le -free

a d m in is tra tio n (e.g ., tra n s d e rm a l p a tch e s o r m ic ro n ee d le s ys te m s ) c o u ld e n h a n ce

a d h e ren ce in p o p u la tio n s w ith p o o r c o m p lia nc e d u e to in je ctio n -re la te d d is co m f o rt.

C o n s id erin g the g lo b a l b u rd e n o f d ia b e te s a n d o b e s ity , th e d e ve lo p m en t o f a

u s er-f rien d ly , s ta b le , a n d e ffic ien t d elive ry s ys tem fo r T irz ep a tid e c o u ld h a ve

fa r-rea c h in g clinic a l a n d c o m m ercia l im p a c t
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T h e p res e n t s tu d y s u cc es s fu lly d e m o n s tra ted th e d ev elo p m e n t a n d c o m p reh e n s ive

ev a lu a tio n o f Tirzepatide-loaded Nanostructured Lipid Carriers (TRZ-NLCs) a s d ru g

d e liv ery s ys tem fo r im p ro v ing th e th era p e u tic p e rfo rm a n c e o f T irz ep a tid e , a d u a l G IP
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a n d G L P -1 rec ep to r a g o n is t u s e d in typ e 2 d ia b etes a n d o b e s ity. U s in g ho t

h o m o g en iz a tio n fo llo w ed b y u ltra s o n ica tio n , five T R Z -N LC fo rm u la tio n s w e re p

ch a ra c te riz ed fo r c ru cia l p a ra m e ters s u ch a s p a rtic le s iz e, p o ly d is p e rs ity in d e x ( P D I),

z eta p o ten tia l, e n tra p m e n t eff ic ien c y, d ru g lo a d in g , m o rp h o lo g y, th erm a l b e h a vio r,

crys ta llin ity .

A ll fo rm u la tio n s e xh ib ited p a rtic le s iz es in th e n a n o m etric ra n g e (b elo w 1 5 0 n m ), w ith

lo w P D I va lu es (< 0 .2 5 ), co n firm in g u n ifo rm a n d s ta b le n a n o p a rtic le d is p e rs io n s . T h e

n eg a tiv e ze ta p o te n tia l v a lu es (> -2 8 m V ) in d ic a te d g o o d ele ctro s ta tic s ta b ility . H ig h

d ru g e n tra p m e n t e ffic ie n cies (> 8 9 % ) a n d s ig n ific a n t d ru g lo a d in g c a p a c ities w ere

a ch ie ve d , d em o n s tra tin g th e eff ective in co rp o ra tio n o f T irze p a tid e w ith in th e lip id

m a trix. M o rp h o lo g ica l s tu d ies ( SE M , T E M , A F M ) re ve a led s p h erica l a n d

s m o o th -s u rfa c ed n a n o p a rtic le s , w h ile D S C a n d X R D a n a lys es co n firm e d re d u c ed

crys ta llin ity a n d s u cc es s fu l d ru g e n ca p s u la tio n in a n a m o rp h o u s o r m o le cu la rly

d is p ers ed f o rm .

F T IR a n a lys is ve rifie d th e d ru g a n d e xc ip ien ts , e n s urin g fo rm u la tio n c o m p a tib ility . In

v itro re le a s e s tu d ie s c o n firm e d a s u s ta in e d a n d c o n tro lle d d ru g s tu d ie s p ro file , w h ic h

is a d v an ta g eo u s fo r c h ro n ic d is e a s e m a n ag em e nt. S h o rt-term s ta b ility a s s e s s m e n ts

in d ica te d th a t th e fo rm u la tio n s re m a in ed p h ys ica lly a n d ch e m ic ally s ta b le o ve r tim e,

a lth o u g h fu rth e r lo n g -term s tu d ie s a re w a rra n ted .

In co n clu s io n , th e d ev elo p ed T R Z -N LC s p re s en t a ro b u s t, effic ie n t, a n d s ca la b le

p la tfo rm fo r en h a n cin g the b io a va ila b ility an d s ta b ility o f T irze p a tid e . T h es e fin d in g s

s u p p o rt th e p o ten tia l o f N L C s a s a n a d va n c ed d elive ry s ys tem fo r p e p tid e -b a s e d d ru g s ,

o fferin g im p ro v ed th era p e u tic eff ic a cy, re d u c ed d o s in g freq u en c y, a n d en h a n c ed

p a tien t co m p lian c e. F u rth er in viv o s tu d ies a n d clin ica l ev a lua tio n s a re re co m m en d ed

to es ta b lis h th e ir a p p lic a b ility in re a l-w o rld th e ra p eu tic s ettin g s .
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